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¬4��� « ± � ¥ ¡H¢ �º��� Ò�Ó � � ��vs��� � � ¥&± v � � ± � � ������� �Zw-¢C� � ��� ��� � ± �H� � � �2�J� �  ������ ����� ��� � � �2É ¥ ²���² � ± ����¡
� ��� xby�z|{~})�k� �J¢ � ��� � � �F¼ �H� � ��� ± �H� ����� Ô_����� � � ��� � ������¢>� ± ²�² ¢ ± ² � � � � � � ��â ãx¨ Ï���� ��� Ñ ± � � ������� �
� ��â ãx¨ � � ��  ��� Ï ± � � ��� Ñ ·SÁKÂ�ÃPÄ�Å�Æ(·sÇ�ÈF¸º¹�¹ � ¢ � ± � Ô_² ��¡H� ± ²�²�Ô ± ² � ¥ � � ¢ � � ������� � ¬4�!� ± ²�� � ��² �BA �H�k� �k� �



�#� �Z�e�t���i�t� �k� �>���i�O�|�t���i�t�e� �`�V�U�e� ���0�t�X�X�t�

ÊÌË�Í ¦�§wÎ � á�â+â ãx¨ �
w �.���m� � ± ��Ô_² ��¡H� ± ²�²+�b�� k¡)¢U£ ± ¢U£Q�m¢ ¤)¡¥�m£#�   �m¡)¢s� A ±U¦ �m���V� ½ ¥ ¢U¢ ± ¢U£ ¥ ¢  U�m¢ �a§ ¢.� ¥�¨ ���m¢ ©�¢Xª�¬H�m��xby�z�«

{~})�k� ¬�­V¡)�+���m�4²%©�­V­ �m¤)� à �b�m�a U�m­ ®s¯ �a§ ¢.�%© ¨ � ± ¢s   U�m­ °Z© ½ Ï�É �m���m¡¥±�² ³ ± ¢s  ´ Ñ ¬�¤¥� ¨ �+� § ¢s�m¢ © ± ²a U�m�
É ©�²+¡�²_Õ� k¡¥�  s©�¢U¢ à �b�m�O U�m­ ìcà ± ¨ ²��m¡)���m¢s�m­V¡)�+���m� Ï�É �m���m¡¥±�² ´ Ñ4³ ¡¥�� U�m�\¡)¢  k¡¥� É ©�²+¡�²Z���m¡)¢�À�¡�Ô�¡¥�m�+� ³ �m�� U�m¢
± ¢s  Ô ± ­ ìcà ± ¨ ²��m¡)���m¢s�m­V¡)�+���m� � ¡¥� ¦ �m¢LÕ� s©  U�m� Ï ¨ § ¢.�%© ¨ �+¡¥�m�+��� Ñ-ìcà ± ¨ ²��m¡)���m¢s�m­V¡)�+���m� ± ¢.���m� � ± ��Ô_²�±�²U¤ ± ²�²�¯
�b�� k¡)¢U£ ± ¢U£Q�m¢ �m¡)¢s�O¡¥ U��©�¤¥�V�|�m¢ ¨ � v�à �H¬�¤¥� ¨ �+� § ¢s�m¢ ¡)¢  U�m� É ©�²+¡�²e s©���²+���m¤)¤)��ª » �m�+£#¤¥�m¡¥±�².�Z­ ©�¢  k¡¥�V�.�+� § ­>¯
�+¡¥±�².� ± ¢U£Q�m¢ ¡)¢ É �m���m¡¥±�² ³ ± ¢s  ´ ² § �m� ¨ �m¢U¢.�H­ ©�¢LÕ0 s©�²�²a�b�m¡i U�m�e  à ¢U¢s�m¢ µ0�m¤)¤¥� à �b�m�e�m¡)¢s�m¢ ³ �8²��m¢.�+¤)¡¥±�²
�+¡¥� v �m���m¢ É �m���m¡¥±�² ¢ § ±�² ¬�¤¥� ¨ �+� § ¢s�m¢ © ± ²F U�m� É ©�²+¡�² à �b�m�8®s¯ �a§ ¢.�%© ¨ � ± ¢s  °Z© ½ ¡)¢  U�m¢ xby�z|{~})�k� ¬�­V¡)�+���m�
�m¡)¢U£Q�8²%©�­V­ �m¤)� ³ �m�� U�m¢ ©�¤�²¶�b�m¡� U�m�` k¡¥± ¨ �m¢ µ0�m¤)¤¥�#ª|·Q��¢ A ²s�m�F U�m�¶xby�z|{~})�k� ¬�­V¡)�+���m�u²+¡¥±�² ©�¢  U�m��µ0�m¤)¤)� à ± ¨ ¯
²��m¡)�����b�<¸s¢s U�m�_Õ. U�8²+� § ²+� A � ¨ �m�t¹�²%© ± £#��ºe�m�` k¡¥�a» ¡)¢ § �+¡)� A ���m¢ © ± ² É �m���m¡¥±�² ³ ± ¢s  ´O©��LÕP² §  s©�²�²` k¡¥�8²���  § �+�
¢U¡¥±�².�a­ �m²U����� ¨ § ­O�U¡)¢U¡¥�m���m¢ ¨Q¼ ¢U¢s�m¢Xªs½e¡¥�8²��8²�¾Q�m��²+� A � ¨ ���H¹�¼a��²%© ± £Q�m¢|º\¡�²+��  ± ��±�²  k¡¥�Z¿ § ���m¢.�+¡B©�¤¥ k¡!���m���m¢HÔ
¡)¢  U�m� É ©�²+¡�²� U�m�2·SÁKÂ�ÃPÄ�Å�Æ(·sÇ�ÈK¸º¹�¹ �m� ¨ ¤ A �+��©���À

¼a�U�U¡)¤¥  ± ¢U£Z�sª5Á4Ô��m¡)£#�t s©�²��m¤¥� ¨ �+� § ²+�%©��+¡�²�±�²s��¿ § ���m¢.�+¡B©�¤�¡)¢  U�m� ��â2ã�Â  k¡¥± ¨ �m¢ ·SÁKÂ�ÃPÄ�Å�Æ(·sÇ�È�¸º¹�¹ v�à �t k¡¥�
 k���m¡ É �m���m¡¥±�²s�#ª�½e¡¥�¶¿ § ²+¡)�+¡ § ¢s�m¢> U�m���|±�²U¢U¡)�+���F²+¡)¢s O© ± ±�²]¡)¢C¼a�U�U¡)¤¥  ± ¢U£a�sª���©�­ § �b�m���m¢ ì ©�¢s O©�¢U£Q�m£Q�m�b�m¢Xª
» ©�¢@²+¡¥�m².�_Õ# s©�²�²j s©�² ± ¢.���m��²�±�²U¡¥�� k¤)¡¥±�²s�a¿ § ���m¢.�+¡B©�¤0 U�m� ìcà ± ¨ ²��m¡)���u²+¡¥±�²V  ± ��±�²  k¡¥� É ©�²+¡�² v�§ �+��²��m��Ô���ª�½e¡)��� ¨ �
± ¢.���m�` U�m­ xby�z|{~})�k� ¬�­V¡)�+���m�_Õ.�b�m¡8��Ã á2ã�Â Ä ¡¥� v �+Õ#£#¡)�U�`�8²t¢ § ±�² �m¡)¢s�a¿ § ���m¢.�+¡B©�¤¥ k¡!���m���m¢HÔZ¾ § ¢ ±�©kª.Åk� Â Æ
Ô ³ ¡�²�±�²s�m¢ É �m���m¡¥±�² ³^Çw´ ± ¢s  ´	Õ ± ¢s  © ± ±�² ¡)­ xby�z|{~})�k� ¬�­V¡)�+���m� £#¡)�U� �8² ¢ § ±�² �m¡)¢s� ½e¡!���m���m¢HÔ ¾ § ¢
Å Â Æ ª8½e¡¥�8²�� ¿ § ���m¢.�+¡B©�¤¥ k¡!���m���m¢HÔ v�à ²U�+�ºÔ ±  U�m­ ¤B©����m�%©�¤¥�m¢ �.�+� § ­ ¡)­ ¬�­V¡)�+���m�V¾ § ¢ É �m���m¡¥±�² ³^Çw´ Ô ±
 U�m­ É �m���m¡¥±�² ´	Õ ³`§  k¡¥�Z¬�¤¥� ¨ �+� § ¢s�m¢ ¡)¢  k¡¥� É ©�²+¡�²����m¡)¢�À�¡�Ô�¡¥�m�+� ³ �m�� U�m¢Xª

É �m¡X U�m�O� ��âGã�Â  k¡¥± ¨ �m¢ � § ¤B©���Ô��m¤)¤¥�\¡�²+�� U�m� w ¢.���m��²�±�²U¡¥��  ¡)¢  U�m¢ ¿ § ���m¢.�+¡B©�¤¥�m¢ ³ �m¢U¡)£Q�m�H© ± ²+£Q� ½ � A £#��ª
¬�¡)¢s�]©�¢�©�¤ § £Q�º¼ ± ² ³ �m�+� ± ¢U£ Ô ± ¼a�U�U¡)¤¥  ± ¢U£ �sª5Á �m�+£.©�� �m¡)¢s�O¿ § ���m¢.�+¡B©�¤¥ k¡!���m���m¢HÔ ¾ § ¢ ��È Â Æ ¡)¢ ��Ã á ã�Â
Ä ¡¥� v � ± ¢s  ¾ § ¢ á Â Æ ¡)­ xby�z|{~})�k� ¬�­V¡)�+���m��Ô ³ ¡�²�±�²s�m¢ É �m���m¡¥±�² ³^Çw´ ± ¢s  ´kªb½ ± ��±�²  k¡¥�>£#� ¼�¦ �m���V¬�¢.��¯
v �m�+¢ ± ¢U£ ¾ § ¢ xby�z|{~})�k� ¬�­V¡)�+���m� ± ¢s  ìcà ± ¨ ²��m¡)��� ¡�²+� ² § ­V¡)�  k¡¥� ¤B©����m�%©�¤¥� ¿ § ���m¢.�+¡B©�¤¥ k¡!���m���m¢HÔ ³ �m¢U¡)£Q�m�
© ± ²+£Q� ½ � A £#� ± ¢s   U�m� w ­O¾Q�m�+���m¡)¤ ± ¢U£k²��<��� ¨ � ¨ ¤¥�m¡)¢s�m��ª

½H�m� w ­O¾Q�m�+���m¡)¤ ± ¢U£k²��<��� ¨ � v�à ²U�+� Ô ± �m¡)¢s�m� Ô ± ² A ��Ô�¤)¡¥±�²s�m¢ �.���m¡)£Q�m� ± ¢U£ ¾ § ¢ Ò�Ó�É ­V¡)� ©��U¢s�m²U­ �m¢s U�m�
µ0�m¤)¤¥ k¡¥± ¨ �#ª É �m¡�£Q�m�+¡)¢U£Q�m¢ ½e¡!� ± ²+¡ § ¢�²+¤ A ¢U£Q�m¢ ³ ¡)��  �m�zÀ+��  § ±�² ¾ § ¢  U�m�wÒ�Ó�É�¯�¬��+² ¼ ² ± ¢U£ © ± v £#� ± ¢s   U�m� » �m��¯�b�8²�²��m� ± ¢U£  U�8² ×�Ø
Ù�Ú�ÛÜ�Ý�Ê�Ê Þ�ß É�Ë Ý ¯ » �m�+² A ¤)�+¢U¡�²�²��8² à �b�m�+¤B©�£Q�m�+��ª
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è ¢  k¡¥��é��m­ ¼a�sé�±�²U¢U¡)�+�aé+¡)¢s   k¡¥�Z¬��+£Q�m�U¢U¡¥é�é��\�m¡)¢s�m��ê.ë�©�¢.�+¡)�%©��+¡)¾Q�m¢ ¼a¢�©�¤)ìké��Z U�m��í`��é��m¢.�+¤)¡¥±�²s�m¢ ì � ¨ § ­O�U¡!¯
¢�©��+¡ § ¢sé+­ ��±�²�©�¢U¡¥é+­ �m¢ ¾ § ¢ îU}!�Qî�«4ï ëU¢s  ðSÁKÂ�ÃPÄ�Å�Æ<ðsÇ�ÈXñ]ò�ò í�¡¥�� U�m�+£Q�m£Q�m�b�m¢Xª�½Z©&Ô�ë í�ëU�� U�m¢  k¡¥�Oót�m�+¤)ësé+��¯
é+�+� ¼ ­ �  këU��±�² ôaëU£Q�m�+��� ¨ § ­O�U¡)¢�©��+¡ § ¢LÕa U�m� �.² § ± ¨ ¤¥�mì.¯ ì ��©� |¯�õH©�¤)¤!¯ ì � ¨ § ­O�U¡)¢�©��+¡ § ¢ é § í�¡¥�  U�m� ó § �� U�m��¯
ëU¢s  ìcà ± ¨ é��m¡)���m¢U��� ¨ § ­O�U¡)¢�©��+¡ § ¢ ¡)¢ ôa�U² A ¢U£#¡)£ ¨ �m¡)�  U�m� µ0�m¤)¤¥ k¡¥± ¨ � ©�ësé  U�m¢ �.¡)­OëU¤B©��+¡ § ¢s�m¢ �<ök�+�%©�²U¡¥�m�+��ª
½e¡¥�\ê.ë�©�¢.�+¡)�%©��+¡)¾Q� É ��é+�+¡)­V­OëU¢U£  U�m� ì � ¨ § ­O�U¡)¢�©��+¡ § ¢sé%©�¢.���m¡)¤¥�>�m� v�§ �� U�m�+� v�§ ¤)£Q�m¢s U�]�|±�²U�+¡)�+���#À

³#ªe�.¡)­OëU¤B©��+¡ § ¢  U�m�aõe�m¤)¤ ¨ �m¢U¢U¤)¡)¢U¡¥�\­V¡)��÷|økù.ùkú#ù

ûkª É ��é+�+¡)­V­OëU¢U£  U��é�­ ©^ök¡)­OëU­>¯�ü § í`�m��¯�ü § ¡)¢.��é Ï » ¿t¿ Ñ ©�ësé� U�m�aõe�m¤)¤ ¨ �m¢U¢U¤)¡)¢U¡¥�

´kªe�.¡)­OëU¤B©��+¡ § ¢ ëU¢s  ôaësé+£.©��b�Z U�m� § �+��é%©�ë v £Q�m¤ ¼ é+���m¢ ì � ¨ § ­O�U¡)¢�©��+¡ § ¢sé+�%©����m¢ ©�­ » ¿t¿

�sª�¬jök�+�%© ¨ �+¡ § ¢  U�m� ì � ¨ § ­O�U¡)¢�©��+¡ § ¢sé+�%©����m¢ �m¢.�+¤B©�¢U£O U�m���m¢.��é+üU����±�²s�m¢s U�m¢ ì �m£#¡ § ¢s�m¢ Ï ó § �� U�m��¯�Õ ìcà ± ¨ ¯
é��m¡)���+ÕU¬�­V¡)�+���m�aëU¢s  É ©�é+¡¥é Ñ

ýkª�½e¡¥� ì � ¨ § ­O�U¡)¢�©��+¡ § ¢sé�é+�+� § ­  k¡¥±�².���  U�m� þa�b�m� �0A ±�²s�m¢LÕ�ÒQÿ Ý É���Ó Í ÿ � Õ��m�+£#¡)�U� é+¡¥±�² ©�ësé  U�m­ è ¢.���m£#�%©�¤
à �b�m�� k¡¥�\�m¢.��é+üU����±�²s�m¢s U�Vþa�b�m� �0A ±�²s� Ï ó § �� U�m��¯¶�HÔ�í\ª ìcà ± ¨ é��m¡)��� Ñ
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T A L@W F
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G
]dG X U Z H LNK"T jkB�A LNK F
G
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AQ\ ó F Emü õ � uwv ÷ � t�ø�ý�­�� ú�û H jkB�A LNK B L G ` ?�ACB�B LNK H A LiW F
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G
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] LNK�KML V�jk?dc
A G X B�AQj G \M\�B K jk? H AQU Z B L G AQU Z B fT A L î L V�jk?dc
A G X B�AQj G \M\�B K jk? H AQU Z B L X G H LNK § j K H LNK \ L ACB L AQ\�B � c LNK H L G V�jk? o
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G;H ó F ? X G;H LNKML G X G H LNK F ? H L G l�X V�BMj K ¥�] K ñ r LNKML G � c LNK�
�ð U Z L G KML V�jk?dc
A G X B�AQj G \ ] L \MU Zqe A G;H A ] ^V L ACB ¨ \ f��bX c LNPCPQL � f ©Yª f[þ ACB X c G L Z ? L G;H LNK.O�LNPCP H AQUMV L \�B L A ] B H X \ § LNK Z ð[P B G AQ\ O�LNPCP jkc LNK�
�ð U Z L��SO�LNPCP � j P F ? L G fT X[Z LNK \�B L A ] B H LNKgW G B L A P H LNK � c LNK�
�ð U Z L G KML V�jk?dc
A G X B�AQj G \M\�B K ñ ? L X ? n L \ X ?dB KML V�jk?dc
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W c
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G
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A G X B�AQj G \M\�B K jk? H AQU Z B L L AÃ^G LNK p G;H=F \�B K A X P ^ î! � ?�ACB L A G LNK § j P F ? L G ^ T A#" F \�AQj G \ P ð G
] L � j G ©�¦$�$� ��� f$þ X G c L X U Z B L H A L F
G B LNK ^\MU Z A L H P AQU Z L ò V X P A LNK F
G
] AC? § LNK ] PQL AQU Z ó F W c
c
A P H=F
G
] � f��=f�l �
K�L A G L O�LNPCP H AQUMV L � j G � vkt ��� AQ\�B H A Ln L \ X ?dB KML V�jk?dc
A G X B�AQj G H LNK&p G;H=F \�B K A X P ^ î! � H KML AC? X P \Mj ] K jkr e A L H A L¡L A G LNK¡ÿ����[ÿ�� ~ ����� f J�L A vktm���AQ\�B H A L n L \ X ?dB KML V�jk?dc
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G
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G
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c
A P H=F
G
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c
A P H=F
G
]i� f�� L A G L�W c G X[Z ? L H LNK�ò îih ^ î L V�jk?dc
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P ð G
] L � j G �"��� �w� õ ��� tSt ��� LNK e�X K B F
G
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G B LNK ] L j K H=G L B L î j PCPQL�Z f T¡LNK W G B L A P X G H LNKn L \ X ?dB KML V�jk?dc
A G X B�AQj G c L A L A G LNK@T AQUMV L � j G � vkt���� c L B Kæð ] BiU X=f ©�� ¤ f J�L A vktm��� O�LNPCP H AQUMV L AQ\�B H A Lò îih ^ î L V�jk?dc
A G X B�AQj G ?�ACB GqF K ¦ ¤ � LNK G X U Z P ð \M\�A ] c X K[	��
K H L G n L \ X ?dB KML V�jk?dc
A G X B�AQj G \M\�B K jk? f
T A L î L V�jk?dc
A G X B�AQj G X G H LNK¡O�LNPCPCK\� UMV=\ L ACB L \�A G V�B&?�ACB X c G L Z ? L G;H LNKgO�LNPCP H AQUMV L f T A L \&AQ\�B H=F K U Z H A L?�ACB X c G L Z ? L G;H LNK O�LNPCP H AQUMV L ó F
G L Z ? L G;H L ] ? � LNK B L A P F
G
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G
] \�^B Kæð ] LNK X F \ H LNKgJ X \�AQ\ � c LNK H L ? h;^jiij G B X V�B F
G;H H L ? n X o k X c ] L \ X F
] Bml R \Mj H X \M\ X G H A L \ L G ò B LNPCPQL Ge L G A ] LNK î L V�jk?dc
A G X B�AQj G X P \&c L A H AQUMV L G O�LNPCPQL G \�B X B�B�n G;H L B fT A L¡W c G X[Z ? L H L \ W F
] LNK�KML V�jk?dc
A G X B�AQj G \M\�B K jk? \@?�ACB&\�A G V L G;H LNK�O�LNPCP H AQUMV L V X G
G o H X H A L¡T jkB�A L ^K F
G
] H LNK¡` ?�ACB�B LNK G AQU Z B � j G H LNKgO�LNPCP H AQUMV L X c Z ð G
] B o GqF K H=F K U Z H A L \�AQU Z L A G \�B LNPCPQL G;H L G p X H=F
G
] \�^B Kæð ] LNK H AQU Z B L G LNK V P ð[K B e LNK H L G f
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G;H þ X s j K ACB ð BM\ P X H=F
G
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K H A LgO�LNPCP H AQUMV L G vkt F
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] LNK�KML V�jk?dc
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] LNK ^jiij L�� ó A L G B H LNK`$PQL V�B K j G L G � p ñ U Z LNK F
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G
] \�B Kæð ] LNK H AQU Z B L } Ð ÊRÑ�Ò�fbþ X r ] L c L G;H 	��
KH A L�W F
] LNK�KML V�jk?dc
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] L ] L c L G AQ\�B fkþ X G \�A L Z B R H X \M\ } ® h AC? V�j G B X V�B�A LNK B L G ` ?�ACB�B LNK ?�ACB�\�B L A ] L G;H LNK.O�LNPCP H AQUMV L&PQL AQU Z B"\�A G V�B Re j Z A G
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	��
K H A L§ LNKæð G;H LNK F
G
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G
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] LNK�KML V�jk?dc
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ê å�è ê ò ê è2ï ê 	�� ë ñgå ê¨õrýIê ï æ\ë ÷)è ê è ÿ û ê,ý îVó ê ó�í çò æ\ë ÷ ç ñ ê,ë ü ê,ý�ýIê ú ê å æ\ë ð�ì æ í2èyñ ó�íyðæð æ ó ý åIîVó ëVê ï�÷ ç ú å�èMò æ åI÷)èyðCò�ï æ å�� ê � ú ê,ë 
�ð)îVó ê è û�å ê ó þ	�¨þ ñyò)ð 

ò��
í2èyñ ñ ê,ë h ø i ÷)è æ ò�ï æ�þ�
 � ë ñgå ê õrë ï ý ð ë í2è2ì ñ ê,ë í2è æVê,ë ðVîVó2å ê ñ ý åIîVó ê è p ò)ñgí2è2ì�ð æ\ë ð�ì ê,ë ñgåIîVó æVê è å ç � è2åIîVó æ
ï�÷)è æ ò�ï æ å ê,ë\æVê è����8÷ ë ñ ê,ë ð ê å æVê è ê,ç å æ\æVê,ë åIð æ ñgå ê ÷ ú å�ì ê��±ê,ëVê îVó2è�í2è2ì�� ê ñ2÷cîVó ò�è�û ê èyñ ú ò ë�þ
��������������������� ���  �!#"%$'&)(+* ,�-.- /10 23��4�5768�%�%�94��%�;: <
� å ê ú ê,ëVê îVó2è ê,æVê è = ê ï�÷ ç ú å�èMò æ åI÷)èyðVð æ\ë?>)ç ê @%A2ë ñgå ê B9C�D�E�FHG%IJBLK�MONQP�P R�S�T !#"%$'&)( * ,�-.- /10 ð S�U ñ S�U
ö ú2ú S�ý ñgí U ìQV þ�W.W ñyò ë ì ê ð TVê,ý�ý�T�þgö í @ ì ë í U ñ ñ ê ð±ðVîVó ýIê îVó TVêHU XZY\[3]_^`ba &)&)ced�fg( a ��hHi\óbj ý�TeUkS ðVð?h�ð � -ml)n @%A i ,.o�-�/10 ü�h ý�ý#ø
ñ Sqp?r h'� SqseT ñ S h tZ=vu ø =vh r ÷ R ú S�U ò TeS ÷ U S�U ñkhHi � ò seSqs ñ S h ñ2÷ R�S�UkS hHi?h U ñkh =vh r ÷ R ú S�U ò TeS ÷ U¼ÿ ñkhHi?h U övU�T h S�ýú h S ò ú U h,ó R h U ñkhHi ü�h ý�ý ñ Sqp?r h�ò�w @%x iew U�y y h s�z ú U h,ó R h U�y h U �8÷ ý w R h U�s�y hHi¨ü�h ý�ý h seS�UkrZT�þ���S hQtZ=vu ø =vh ør ÷ R ú S�Ubz�TeS ÷ U seT h ý�ý�T ú h S ,.o�- /10 ü�h ý�ýqymSqp?r h {�| } y hHi 
~h s3z�R�T i?h r ÷ R ú S�Ubz�TeS ÷ U¼ÿ ú h S o�- /10 ü�h ý�ýqymSqp?r h



�m�	�k� ���+�;���������e���������;� �;��� ����� ���1�;�v�����v���8�+�m�����;� =���� W��mW

� XZY\[3]_^`ba &)&)ced�fg( a * � � U wki U��Zp?� ��- } � � h S�y hHi ymAkUkU�seT h U � h T i z�p?��T h T h U ��Sqp?r hQh U�T�@ j���� T h S�U � i S�TeT hH� y hHi�
~hJ s3z�R�T i?h r���R��kS�Ubz�TeSq��U z w @+ymS h ¡vw x hHiei?h r���R��kS�Ubz�TeSq��U � ��S h =vh r���R��kS�Ubz�TeSq��U�s?seT i ��R ymSqp?��T h U z w s ¡vw x hHi� 
w U�y �v� hHi�¢�j p?� h U i?h r���R��kS�Ubz�TeSq��U z�U y hHi�� � i y hHi s h S�T h seS�Ukr h U R�S�TQz��kU h �kR h U�y hHi £�hH��� ymSqp?r h z w @%x iew U�yy hHi z��kU h �kR h U�y h U ¤¥z�y w Ukx�seT i3j x hHi ymSqp?��T h S�R ¦¨§�©Zª%«�¬m­ ®�R�S�TeT hHi �%seS h � h ¯ � i � hHi S�x h U ¡ ��s?p?�kUkS�TeT �J� � hHi° S i r w Ukx�sex i z�y y hHi B9C�D�E�FHG%IJBLK�M�NQP�P z w @ �#±H �t S � S ± S w R ²�S i y @%A i�£�hH��� ymSqp?r h U x i >�³ hHi ´ -.- /10 S�R ° hJ s h U�T � Sqp?� h U ¯ ��U y hHi~tZ=vu� µ=vh r���R��kS�Ubz�TeSq��U S�R � � ��w R h U � h x i?h U ± T �
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¶v·m·m¸º¹º»k¼m½�¾ ¿ZÀ�Á�Á�Â Ã¥Ä�ÅHÆJÇOÈ�É_Ê�Ë?ÌÍ É_ÆJÊ�ÎLÎ ÍLÏ ÆJÇ�Ð'É_ÑµÒ Í Ä�Ê Ð'Ä Ï ÓºÔ.Õ3Ö�×gØ�ÙµÓqÚJÛÜ�Ý1Ý Ç�É Í�Þ Y\[3]_^ ß à3áJá â�ã Ë3Çä~åbå É_Ê æ¥È�Ò�ç3Ê�èJÉ_èJÅHÄ�É Í Ð'Ä Ï�é Ä�ê_ê)Ð'É	ÌÑµÅHÄJë

ì S h seS�R wk� S hHi T h U u�hH��� r h UkU � S�UkS h Ukíbz i z�R h T hHi @%A i ymS h B9C�D�E�FHG%IJBLK�M�NQP�P S�U ¡ �k� j Ukx.S�x.r h S�T�y hHi�£�hH��� ymSqp?r h
w U�y y hHi~� � ��w R h U�ymSºî w seSq��U�s �\j Ukx h seS�U�y S�R ï hHi x �qh Sqp?� R�S�T+y h U u�hH��� r h UkU � S�UkS h Ukíbz i z�R h T hHi U y hHi�ðòñ ó
t � � z ie±�hH���qh S�U ¡ ��s?p?�kUkS�TeT V��ôV ±7w õ U�y h U �



W��.ö ÷ ��ø��7�;��� �m� �òù�� ÷ �Z���7�;��� ÷ �O���k� ÷ �������8�8���
ú�ûµü ý þ?ÿ � � þ�����ÿ�� � �	��

��� ���	������� ���������	�;ÿ����?ÿ
° S h S�U ¡ ��s?p?�kUkS�TeT V�� W hHi ² j �kU�T��¨² wki y h U z�R � i z w Uk����@ hHi� et ® ���Zp?� h"! ± S h U�T h ðòñ ó t � � z ie±�hH���qh U h U�T  ²�Sqp?r hH� T �# U ymS h s h R $�z�íkS�T hH� ² hHi y h U ���Zp?� h"! ± S h U�T h w U�y S�U�y w seT i S hHi?hH�qhH¯ z�U�T h ðòñ ó t � � z ie±�hH���qh U z�Ubz  
�&% seS hHi T w U�y ymS h ² h s h U�T � Sqp?� h U ï hHie��w seTeR h p?�bz�UkSqseR h U ' w z�U�TeS�T3z�TeS ¯ w U�T hHi s w p?��T � ®�S�U t p?��² hHi í w UkrZT � S h x.T�kS hHi � h S1S�U y hHi�¡ Ubz �&% s h y h s tZhHi S h U�²�Sqy hHi seT3z�U�y h s~y hHi�ðòñ ó t � � z ie±�hH���qh ��y hHi ®�R�S�TeT hHi ymSºî w seSq��U(��² hH� p?� hy h U ï�� i y hHi� Ow U�y = A�p?rms h S�T h U h R�S�TeT hHiv¯�hHi �kS�U�y h T���y h U �;A ��� @gz�rZT?� i�w U�y y�z�R�S�T�y h U ° S i r w Ukx�sex i z�y y hHi
t � � z ie±�hH���qh seS�x.UkS õ r.z�U�TO� h7h S�U ¢�w s?seT �) R �qh T ± T h U ¡ ��s?p?�kUkS�TeTOymS h s h s*$�z�íkS�T hH� s#² hHi y h U z�Ubz � ��x ±7wkiO=vh r���R  �kS�Ubz�TeSq��U�s3z�Ubz �&% s h y hHi NQP�P ymS h h S�U ±�hH� U h U =vh r���R��kS�Ubz�TeSq��U�s?seT i ��R ymSqp?��T h U y hHi B9C�D�E�FHG%IJBLK�M ðòñ ó S�U
¡ �k� j Ukx.S�x.r h S�T�y hHi�£�hH��� ymSqp?r h � h seTeS�R�R�T �
+-,/.�,10 2 3-4�5*673 8-9�: ;1<�=�>7?A@"BC;EDGF�3*H*8 I*;KJ#I*L�M N�O P Q�RTSU6	:)VW9XS1SU9
ì S h�t T iew rZT wki+h S�U hHi ���Zp?� h"! ± S h U�T h U ðòñ ó t � � z ie±�hH���qh Y1Z B&[ ZC\^] ðòñ ó`_ SqseT�S�U ¡ �k�kS � y w Ukx V�� W�ö z _ R�S�T
y hHi � hH�qhHw p?��T h T h U tZh S�T h�w U�T h U y�z i x h seT hH��� T � ì hHi ®�R�S�TeT hHi z�U y hHi ï�� i y hHi s h S�T h SqseTOR�S�T�y h R r���U�T3z�rZTeS hHi� T h U ®�R�S�TeT hHi z�U y hHi�= A�p?rms h S�T h y wki p?� ¤8>Zp?� hHi S�U y hHivt � � z ie±�hH���qh~¯�hHi � w U�y h U � ì S h ¤8>Zp?� hHi seS�U�y h U�T � z�Ukxy hHiba¨  �;S�Ukx hHi z���² h p?��s hH� U�y i?h p?��T?s w U�y � S�Ukrms ¯ ��R a¨  �;S�Ukx hHi z�Ukx h � i ymU h T Y y�z�S�� i ì wki p?�kR h s?s hHi x i >�³ hHiz � s�ymS h�cOi?h S�T h y hHi �;S�Ukx hHi SqseT _�w U�y � h seS�T ±�h U h � h Um@gz ��� s h S�U h�aTd8  ì Sºî w seSq��U S�U y hHi ymS h ® �qh rZT i ��U h U z � se zgfe� i S�T j T h U ¯ ��U y hHi ï�� i y hHi s h S�T h ±7w R r���U�T3z�rZTeS hHi T h U ®�R�S�TeT hHi x hH� z�Ukx h U r�>�UkU h U � ì hHi ï�� i y hHi s h S  T h U h R�S�TeT hHi SqseTQs?��R�S�TQS�R hvU�T hHi s?p?�kS h y ±7wki NQP�P iAj?«�¬ ¦¨§�©Zª%«�¬m­ ®�R�S�TeT hHilk1m �¥s?��U�y hHi U ymS h U�T
n�²�S h y hHi
= A�p?rms h S�T h U h R�S�TeT hHi n ±7w R ®�S�U�s3z�R�R hH� U ¯ ��U ¤¥z�y w Ukx�seT i3j x hHi U w U�y y hHi?h U o i z�U�seí¨� i T ±7w R a¨  $v��U�T3z�rZT �
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¶v·m·m¸º¹º»k¼m½�¾�¿ZÀ�Ágp�Â�ËlqmæTrgsºÈ�Ëtr#Ä�É_Ê�Ä Ï Ò�Æ7ÑµÒ�ÄEu�v�É_Ä�Ê Í Ä�Ê�wbx�y{z�ÆJê)Ë Ï v�Ä�ê_ê_ÄJël|�É_Ä¨ÃT}�ÑµÅ�ÎLÄ�É Í Ä¨Ð'Ä Ï�é Ä�ê_ê_Ä¨É_Î Í É_Ê�Ð'É_Ä�ÎLÄ Ï æ¥È�È�É_ê)Ðgr�Ê�èÆJÈ.Ä�Ê�Ð�Ë Ï èJÄ�Î Í Ä�ê_ê Í ë�~�Ç�É ÍLÍ Ä Ï É_ÊvÐ'Ä�Ê��C�7ÑµÒ�Ä Ï ÊvÐ'Ä Ï z�ÆJê)Ë Ï v�Ä�ê_ê_Ä��HÄ Ï È�É_Ê�Ð'Ä�Ê�Ð'Ä�Ê��bÆ Ï Ð'Ä Ï ÎLÄ�É Í Ä�Ê�Ä�Ç�É ÍLÍ Ä Ï Ç�É Í Ð'Ä�Ç ÅHÆJÊ Í Ë3Å Í É_Ä ÏLÍ Ä�Ê~�Ç�É ÍLÍ Ä Ï Ëtrgs�Ð'Ä Ï;é Ä�ê_ê Ï }�ÑµÅ�ÎLÄ�É Í ÄJëÈ�q7z��'Ç�Ç�Ä ÍLÏ É_Ä�Ä�ê_Ä�Ç�Ä�Ê Í v�r Ï z�É_Çbr�ê)Ë Í É_ÆJÊ~Ð'Ä Ï wbx�y z�ÆJê)Ë Ï v�Ä�ê_ê_Ä#É_Ê�vE�¨Ä�É�|�É_Ç�Ä�Ê�ÎLÉ_ÆJÊ�Ä�Ê�ë�æTr�ÑµÒvÒ�É_Ä Ï É_Î Í Ð'É_Ä�ÃT}�ÑµÅ�ÎLÄ�É Í Ä�ÆJÈ.Ä�ÊË3È�èJÄ�È�É_ê)Ð'Ä Í ëÑ�qT~�É_Ê�Ð'É_Ç�Ä�Ê�ÎLÉ_ÆJÊ�Ë3ê_Ä�ÎT�����E�HÌ ä Æ�Ð'Ä�ê_ê�Ä�É_Ê�Ä Ï wbx�y z�ÆJê)Ë Ï v�Ä�ê_ê_ÄJëC|�Ä Ï ~�Ç�É ÍLÍ Ä Ï Ëtrgs¨Ð'Ä Ï�é Ä�ê_ê��HÆ Ï Ð'Ä Ï ÎLÄ�É Í Ä���ÆJÈ.Ä�Ê�q8É_Î Í Ç�É Í Ð'Ä�ÇÃT}�ÑµÅ�ÎLÄ�É Í Ä�Ê�Ä�Ç�É ÍLÍ Ä Ï }�È.Ä Ï Ä�É_Ê�Ä�ÊQÄE� Í Ä Ï Ê�Ä�Ê�� É)Ð'Ä Ï Î Í Ë3Ê�Ð)���#�K� [t�"� �C�HÄ Ï È�r�Ê�Ð'Ä�Ê�ë�|�É_Ä�ÎLÄ Ï Ç�Æ�Ð'Ä�ê_ê_É_Ä ÏLÍ Ð'É_Ä���Æ7ÑµÒ�Ð'É��)r�ÎLÉ_ÆJÊòÐ'Ä ÏÏ ÄeË3ê_Ä�Ê`wbx�y z�ÆJê)Ë Ï v�Ä�ê_ê_ÄJë�|�Ä ÏG� Ë3É_ÎLÅHÆJÊ Í Ë3Å Í ���bqmÈ.ÄE��Ê�Ð'Ä Í ÎLÉ_ÑµÒb�¨Ä�Ê�É_èJÄ â�ã }�È.Ä Ï Ð'Ä Ï ÃT}�ÑµÅ�ÎLÄ�É Í Ä1Ç�É Í Ð'Ä�Ç ~�Ç�É ÍLÍ Ä Ï ÅHÆJÊ Í Ë3Å Í���*qµë
®�S�U h�Z B&[ ZC\^] ðòñ ó t � � z ie±�hH���qh �bz�T � ��r.z �qh�u �Zp?��yk��TeS hHiew Ukx h U w U�T hHi y h R a¨ �w U�y�    �;S�Ukx hHi�±7wki�=vhJ y w rZTeSq��U y h s�$v��U�T3z�rZTµ²�Sqy hHi seT3z�U�y h s w U�y y hHi�=vh r���R��kS�Ubz�TeSq��U z�U y h U $v��U�T3z�rZT ¢�j p?� h U �#¡ Ubz � ��x ±7wki

Z B&[ ZC\^] NQP�P SqseT�ymS h ï�� i y hHi s h S�T h R�S�T�seT3z�TeSqseTeSqs?p?� h U ¡ %Zi z�R�Sqy h U T h"¢ T wki S hHi T w U�y ±7wki ¡�z�s?seS ¯ S hHiew Ukx s?�  ²�S h�±7wki � h s?s hHi?h U ¤1Sqp?��T h S�Ukr���íkí ��w Ukx R�S�T h S�U hHi`£#¤�¥`¦J �t p?�kSqp?��Tv� h y h p?rZT � ì S h ¤8>Zp?� hHi S�R t S � S ± S w R�²�z'@ hHi² hHi y h U R�S�T h S�U h R §�y�¨Oz�x   ¤¥z�s hHi+hHie±�hHw x.T � ì S h�©�ª p?rms h S�T h y hHi�« «º­ «X¬/] t � � z ie±�hH���qh SqseT�í � z�U w U�y h � h U  ­ z ��� s�R�S�T h S�U hHi�£#¤�¥`¦J �t p?�kSqp?��T~íbz�s?seS ¯ S hHi T � ° h S�T hHi?h� U ­ � i R z�TeSq��U h U ±7wki�u�hHi seT hH����w Ukx ¯ ��U ZC® [ ZC\^] ðòñ ó
t � � z ie±�hH���qh U õ U�y h U seSqp?� S�U ¯�$ ©�°±d �A²"³ �
´^µ |�ÄE¶(·�¸"¹�º�»�¼g½�~�Ç�É ÍLÍ ÄE¶¥Ð'ÄE¶8ÃT¾7¾ Ð'É_Ä�Ê Í É_Ç �òÄ�ÎLÄ�Ê Í ê_É_ÑµÒ�Ä�Ê�v�rg¶¥È.Ä�ÎLÎLÄE¶gÄ�Ê~Ä�ê_Ä�Å Í ¶gÉ_ÎLÑµÒ�Ä�Ê å Ë3ÎLÎLÉ���É_ÄE¶Ur�Ê�è�Ð'ÄE¶T�bÆt¶µÐ'ÄE¶gÎLÄ�É Í ÄJë
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Õ�Ö�Ô r�Õ�×�ã.å Ö�ß�Ö�à�Ö�Ô � Þ�á
á�ß�Þ�à�Ô�Ø
å�å�Õ1ÝIä�à�à�Ø
á�Ú Ù ÔJ\��Wi�×���÷!i$t�v�w�x�y�z���~��8}���y�|�x�ß�Õ�Ö�Ø�\nÕ;ç ]3Ø�Ö�q Ù Ö�×�]�Þ�×�Õ�Ö�Ô
ç å�Ø
Õ�q Ù Ô�Ö�Ü�å Ö�Ô�Ú�Ö�×Bß«Ö�á
á�Ú5Ø�Û�b ÖH��Ø�ß�Õ�è�Ö�Ú�ã�Û�Ü b�á�Ö�Ø
Ô Ø
å Ø4Ö�×�\ná�Ö�Ø�Û�Ü q Ù Ú�Ö�Ô Þ�Ô�Ú�Ö�×�Ö�Ô ä�Ô�Õ�Ö�Ø
á�Ö�Ô;i)ä Ù Í;¿�á
á
Ø�\
Ø�ß�Õ1Ú�Þ.ß
Ø4Ö�×�Ü0Þ�á
Õ�Ö�Ô � ã.Ô t�v�w�x�y�z{x�|�}�~���|�x�^�â Á ×�ß«Ö�á
á�Ú5Ø�Û�b Ö�Ô \n×�à0á Ö�×B�:£H£ â�ã Ø�ß�Õ�Ú�Ö�×�r�Ö�×�Ø�Ö�Ôs]3Ø�Ú�Ö�×�ß�Õ\Þ�Ô�Ú�ß\Þ�Ô�Õ�Ö�Ø
á
Þ Ù � \n× Ù Ô�Ú Ú�Ö�ß*é Ù Ö�×�á�Ö�Ø
Õ Ù ÔJ\ ß�]3Ø�Ú�Ö�×�ß�Õ\Þ�Ô�Ú�Ö�ß3Ø
Ô Ú�Ö�×@Ù3Þ.ß�Ø�ß�b�á�Ö�Ø
Ô \ Ö�\ Ö�Ô Á à�Ö�×3Ú�Ö�ß*ÚBÖ�ß\Þ�å�Õ�Ü0Þ�á
à�á�Ö�Ø
Õ�Ö�×�ß�Ö�×�Ø�Ö�Ôkj
]3Ø�Ú�Ö�×�ß�Õ\Þ�Ô�Ú�Ö�ß2i�â Á ×�Ú Á Ô�Ô�Ö ß«Ö�á
á�Ö�Ô ß�Õ�Ö�Ø�\nÕBt�v�w�x�y�z{x�|�}�~���|�x�è�Ö�Ú�ã�Û�Ü ß�Õ\Þ�×�b Þ�Ô Ù Ô�Ú ß�Õ�Ö�á
á
Õ Ù Ô�Õ�Ö�× ä £ â�ã Ú�Ö�Ô
\n×�à0ánÕ�Ö�Ô ä�Ô�Õ�Ö�Ø
á«Þ�å ÎBÞ�á
à�á�Ö�Ø
Õ�Ö�×�ß�Ö�×�Ø�Ö�Ôs]3Ø�Ú�Ö�×�ß�Õ\Þ�Ô�Ú Ú�Þ�×2i ` Ø�Ö�ß:à�Ö�Ú�Ö Ù Õ�Ö�Õ2�nÚ�Þ.ß�ß:à�Ö�Ø�ß�Ö�Ü�×4Ú Á Ô�Ô�Ö�Ô êeëíì0îsï�ð�ñ!ê�ò0ó
²,³ ´ r�ã.á�Þ�×�q6Ö�á
á�Ö�Ô Ö�Ô�Õ�]-Ö�Ú�Ö�×$Ú�Ö�×1ä�à�ß�Õ\Þ�Ô�Ú Ú�Ö�×ZôWj�l�ã.Ô�Õ\Þ$b�Õ�Ö/� Ö�×�×�Ø
ÔJ\ Ö�×�ÕBã�Ú�Ö�×
À Þ�Õ�Ö�×�Ø�Þ�á�å�Ø
Õ
\ Ö�×�Ø
ÔJ\ Ö�×�Ö�×
õ Ü�å�Ø�\Hb Ö�Ø
ÕY� Ö�×�]-Ö�Ô�Ú�Ö�ÕY]-Ö�×�Ú�Ö�Ô ß�ã.á
á
Õ�ÖHi

öL÷Jø$÷Wù ú�û2úsø ü úsø�û
Ó x��8��� ×6ænænæ,â�ã
Õ x��8��� ­HÞBâ�ã
Ç*��|�Ë ×2Þnæ,â�ã
Ç ÌHý�Ë �0ÞBâ�ã
ÅHÆ � ×Hi3­HÞ þ*ÿ!ã
Å �����:�����:}�z{~����.}�}�~��8z��!�'ý'��� Þnæ7þ����
Å �����:�����:}�z{x��8��� Þ��7þ����

��� ù	�9û�û
�,���
�����,&'����&@ �&'��
J	���	�)*&'��&'�ZK8"��Z	�#0	���12���3��4�5$&8#��í&'��&84�5$#2"$#$%Y �&8���P	��3G$�3&8����&'����&'���3&8#:9;�� �&'������	�#0 �&8�<GH&8� V 	�����	����3�!# �&'�U¼H&8�3�� ��34�E�&!F

50 100 150 200 250

0.1

0.2

0.3

0.4

0.1

0.2

0.3

0.4

 

 

G
es

am
t-

S
er

ie
nw

id
er

st
an

d 
[ Ω

cm
2  ]

Zelldicke [ µm ]

 R
bulk, lateral

 R
bulk, vertikal

 R
emitter, loch

 R
emitter, VS

ø�ù5ù5ú�û�ü�ý5þ�ÿ ���������WMN#0	���12���3��4�5�GH&'C��&84�5$#$&'��&u62&'���3&8#:9;�� �&'������	�#0 ���	�#:��&8�3�3&+.-��  ��3& ����������� �!�#"%$
=@?BA �3# MNG�C50��#$%!�3%!E�&8���; �&'��¼H&8�3�� ��34�E�&!F2OP&'��62&'����C&8#:9;�� �&'������	�#0 ���	�#:��&8�3�N	�"�+.%���"$#0  �&8�624�5$�34�5:�e9;�� �&'������	�#0 �&8�L �&8�
XN-$4�E2��&8��C��&8#$&8)*������&'���'&)(�*,+,-/.10�0�+,24352�*7�3���,K'9D&8�¾N��(�6�&8#$���� �#2"$#$%!&8# E2�3&8�3#$&'�,	��3�, ��3&	�#0 �&'��&8# MN#:��&8�3�3&/"$#0  $	�5$&'�L#$�34�5:� $	���%!&8����&8�3����F

7u÷Jø98e÷kû�8;:�< =Uú?> @�ù 8Tû:û2úsøA>�B9C�8;B9Cíû�D 8;=UúsøA>:û2÷E<F=Uú?> =Uúsø G):HB9CF=I8KJMLF>�8;:�<

`ON#P�Q�RTSAU ÝWV PYX	P V U#P[Z q Z\P[R Q�] V\^\_ R	N Z`Z\P V�q P[N \ Z\P � XES V\V ��Á	a ß P[U U#XWN ^�b P[R \ a à0á P a �:£H£ â�ã X	P a r P a N#P[R ] N#X	P a j
V Z�SAREX X	P a �cb ^\_ XWN Í/dEV N b R P[N REP[R V N \ R	N ¦Wb SAR?Z\P[R a N RWe dEV\V S d � X	P[R f Á U U � S b Z b a X	P a êeëíì0îsï�ð�ñ!ê�ò0óí²,³ ´ _ SAZ i
r b9g N Z _ª¿ R \ Z X	P a ® N a bhd R \iV�\ a S9X g S áH\ P[]	U N ^\_ � b R X	P a é�d SAU N Z ¿ Z X	P a �cb ^\_ XWN Í/dEV N b R SA] i)j R XWN#P V P g



kWl�µhl ¶nmpo o<· mrqsq�o)t ¸ t�uOv n qU¹OtxwBº*»¬¹ yHwMzcuOtn{�o)zczco ×���|

} SA~	N Z\P[Us�sN a X XWN#P é�d SAU N Z ¿ Z X	P a�� b ^\_ XWN Í/dEV N b R Á ]/P a X	P[R � ^\_ N ^\_ Z!�sN#X	P a V Z�SAREX Å��!���r� ���r�,���!����� �#�!�'���1�'��� X	P%�
� R	N#P a Z��I�nP a�� N RWe dEV\V�� b R Å��!���r� ���r�,���!����� �#�!�'���1�'��� �sN a X g N Z`Z\P[U V P[N RW� d REX �r�MP[N#XWN g P[R V N b RTSAU#P a �?N g d UKSAZ`N b R
SARTSAU ÝWV N#P a Z��H�ON#P�P[N REXWN g P[R V N b RTSAU#P �?N g d UKSAZ`N b R g N Z`Z\P[U Vx�h�T�r� N V Z V b � b _ U)N g }�b R � P a`� P[R	� � P a _ SAU Z\P[R SAU V
S dE^\_ N R X	P a Û P ^\_ P[REXES d P a d R	� a N Z`N V\^\_ d REX P a UKS d ]	Z�XES _ P a P[N REP ��a b á P Q�R	��S _ U�X	P a � S a N N#P a Z\P[R �IS a S��
g P[Z\P a �I�ON#P �r�MP[N#XWN g P[R V N b RTSAU#P �?N g d UKSAZ`N b R g N Z �h�W ? W¡�  XWN#P[R?Z SAU V�¢?d SAR?Z`N Z�SAZ`N � P Û P%£4P a P[R	�i� Ù P[NsSAU U#P[R
Û P ^\_ R d R � P[R N V Z)P[N REP ß P[U U#XWN ^ �iP � b R ¤�¥9¦ â�ã SAR � P[R b9g�g P[R � b a X	P[R V b �sN#P§XWN#P�¨[© ª/«T¬�­�®,¯`©;°�±K²§�IS a S g P[Z\P a
S dEV X	P[R�³�SA]/P[U U#P[R ´E� ×xµ �hP[N Z\P§¶ Þi·Fd REX¸´E�¹¶ µ �hP[N Z\P ×���ºi· �i�ON#P Ø P a�» REX	P a d R � X	P V � ^\_ N ^\_ Z!�sN#X	P a V Z�SAREX	P V X	P a
� b ^\_ XWN�¼ dEV N b R � d a X	P§N g P[N REXWN g P[R V N b RTSAU#P[R ½ b X	P[U UEX d a ^\_ XWN#Ps¾ S _ UTX	P V ¾ N#X	P a V Z�SAREX	P V�¿ �!�rÀ�ÁA� µ,V N#P _ P
Q�]	]	N U#X d R � ´E� Â�Ã ^�·§� b a`� P[R b9g�g P[Rc� j g �r�MP[N#XWN g P[R V N b RTSAU#P[R ½ b X	P[U UI� d a X	P[R Ä�]/P a e » ^\_ P[R	� b R	��P[R?Z a S��
Z`N b R d REX ³�N#P%£4PÅX	P a�� b ^\_ XWN�¼ dEV N b R � U#P[N ^\_ ��P[N Z`N � � P a`a N R � P a Z µ ¨ V`_ N�£,Z\P[Rh²xX	P V � b Z`N#P a ~ a b � U V%·%ÆTV b XES V\V§V N ^\_
S dE^\_ X	P a � ^\_ N ^\_ Z!�sN#X	P a V Z�SAREX � P a`a N R � P a Z\P��EÇ g XWN#POÈ)P a`� U#P[N ^\_ ]TS a �iP[N ZnX	P a � ^\_ N ^\_ Z!�sN#X	P a V Z » REX	P�N g P[N RW�
d REX �r�MP[N#XWN g P[R V N b RTSAU#P[R ½ b X	P[U Uc� d � P[� » _ a U#P[N V Z\P[R � d a X	P¸É �!���r� ���r�,���!����� �#�!�'���1�'��� X	P a �r�MP[N#XWN g P[R V N b RTSAU#P[R
�?N g d UKSAZ`N b R g N ZnÊOU#P[N ^\_?d R � ´E�Ë´ V ��SAU N#P a Z��

Q�]	]	N U#X d R � ´E� Â�Ì ��P[N � Z�XES V ��a`� P[]	R	N V X	P a �?N g d UKSAZ`N b REP[Rc��Í�P[N�X	P a P[N REXWN g P[R V N b RTSAU#P[R �?N g d UKSAZ`N b R
µ �?~TSAU Z\P Î · � d a X	P V b � b _ U�Í�P[U#P dE^\_ Z d R � � b R � b a REP µ X d a ^\_ � P[� b � P[REP � N R	N#P[R · SAU V S dE^\_ � b R X	P a µ ~	UKS��
REP[R ·�Ï§ÐE^ � V P[N Z\P µ � P V Z a N ^\_ P[U Z\P � N R	N#P[R · g b X	P[U U N#P a Z��M�ON#P � P a Z`N ��SAU#P[R � P V Z a N ^\_ P[U Z\P[R � N R	N#P[R � P[]/P[R X	P[R
� ^\_ N ^\_ Z!�sN#X	P a V Z�SAREX SAR Æ ]/P[NcX	P g V N ^\_ £ Ð a X	P[R f Ð U U�£�SA�hZ b a P[N R ½ N R	N g d g P a`� SA]c�

Ñ d SAU N Z�SAZ`N � ��P[N � P[R ]/P[N#X	P �?N g d UKSAZ`N b REP[R X	P[R � U#P[N ^\_ P[R È)P a UKS d £ Æ�¢?d SAR?Z`N Z�SAZ`N � ��P[N � P[R V N ^\_ � b a SAU��
U#P g ]/P[N�X	P a Ä§¼HP[R	�hU#P g�g V ~TSAR	R d R � Ç�R?Z\P a V\^\_ N#PrX	P��FÍ�P[N)X	P a P[N REXWN g P[R V N b RTSAU#P[R �?N g d UKSAZ`N b R ��SAR	R X	P a
� ^\_ N ^\_ Z!�sN#X	P a V Z�SAREX X	P aI� b ^\_ XWN�¼ dEV N b R SAU V ½ SAÒ�£ Ð a X	P[R¸Ó�]/P a`� SAR � � b R¸X	P a�Ô¸Õ Ö �/� d a)×�ØsØ �'�?Z a d �hZ d a
N R?Z\P a ~ a P[Z`N#P a Z��MP a X	P[RcÙ�f Ð a �hU#P[N REP�É �!���r� ���r�,���!����� �#�!�'���1�'��� V S g�g P[U ZFXWN#PM� b UKS a ��P[U U#P d REP[N R � P V\^\_ a�» R	�hZ � b Rx]/P[N��
X	P[R Ä�]/P a e » ^\_ P[R µ N#X	P�SAU#P Ô¸Õ Ö �'�?Z a d �hZ d a ·%Æ £ Ð a X	P[R Ê a P[R	�[£�SAU U)P[N REP VxV P _ aÅ��a b ÒiP[R É �!���r� ���r�,���!����� �#�!�'���1�'���N V ZÅR d a R b ^\_ X	P a Ï§ÐE^ � V P[N Z\P[REP g N Z`Z\P a � b R?Z�SA�hZ`N#P a Z µ ×�ØsØ �'�?Z a d �hZ d a · � j g �r�MP[N#XWN g P[R V N b RTSAU#P[R ½ b X	P[U U
Z a N�¼/Z XWN#P V R	N ^\_ Z � dcÆ XES £ Ð a V P _ a���a b ÒiP � ^\_ N ^\_ Z!�sN#X	P a V Z » REX	P X	P a � b ^\_ XWN�¼ dEV N b R � dEV » Z`�rU N ^\_ XWN#P Ï P%�
� b9g ]	N RTSAZ`N b R SAR X	P[R � b ^\_ � » REX	P[R S d £,Z a N Z`Z d REX XES _ P a XWN#P Ô¸Õ Ö �'� b UKS a ��P[U U#P g N Z � P a RTS ^\_ U » V\V N � ]TS a P a
� b ^\_ XWN�¼ dEV N b R P[N REP �MP V P[R?Z`U N ^\_ _EÚ9_ P a P ÊnP V S g Z a P[� b9g ]	N RTSAZ`N b R S d £,�MP[N V Z�SAU V P[N REP » ¢?d N � SAU#P[R?Z\P ×�ØsØ �
f Ð a V P _ a �hU#P[N REP � ^\_ N ^\_ Z!�sN#X	P a V Z » REX	P Æ XH� _ ��R	N#PrX a N � P � b Z`N#P a ~ a b � U#P Æ ��S a XWN#P }�b R � P a`� P[R	� X	P a �r�MP[N��
XWN g P[R V N b RTSAU#P[R �?N g d UKSAZ`N b R � d REP _ g P[REX P a V\^\_ �MP a Z��c�ÅS _ P a V N REX XWN#P d R?Z\P a V\^\_ N#PrXWU N ^\_ P[R Ä�]/P a`��a P[R	��P[R
X	P a�Û �!Q ^\_EV P � b R �?~TSAU Z\P Î d REX Î?Î � d ]/P�S ^\_ Z\P[Rc� j g f b U � P[REX	P[R �sN a X X	P a È)P a UKS d £ÅX	P a P[N R	��P[U REP[R
Ü P[U U �iP[R	R	U N R	N#P[R	~TS a S g P[Z\P a XWN V � d Z`N#P a Z��

Ý ÞFßAàiá�â9ã�ä,ÞFá�á�árå�ßAæ�ç èIé;â9ã�å�ê

�Åë9ì ì`í îYï	ð í#ñ[ò`ó\ñ ô �!� í#ì`ó¸õ/ñ[ísñ[í öEñ[ò �i÷ ö ø	ñ[ò�È ÷ ò\ø	ñ[ò\ì\ñ[í ó\ñ õ/ñ[ð#ñ[ïEù\ú?ó\ñ[ó\ñ[ö Ô¸Õ Ö �'� ÷ ðKëAò`��ñ[ð ð#ñ ï	öTëAõ	ú » ö � í �
�i÷ î �hù\ú	í#ù\ú?ó!�sí#ø	ñ[ò\ì`ó�ëAöEø ø	ñ[ò � ÷ ù\úEøWí�¼/ïEì`í ÷ ö Æ ì ÷ £4ñ[ò`ö É �!���r� ���r�,���!����� �#�!�'���1�'��� û ¥9¦�¦ ü�ý�þ¸���ÅëAöTë9ù\ú ì`í ö	�hó
ô �!� î�í ó¸ì`ó\ñ[í � ñ[öEø	ñ[î �hù\ú	í#ù\ú?ó!�sí#ø	ñ[ò\ì`ó�ëAöEø ëAõ Æ õ	í#ì�ñrìYõ/ñ[í§É �!���r� ���r�,���!����� �#�!�'���1�'��� ÿ � � � ¦�� ü�ý�þ ì » ó`ó`í � ó Æ
øEë ú	í#ñ[ò õ/ñ[ò\ñ[í ó\ì �i÷ ö ñ[í öEñ[ò ò\ñ[í öEñ[ö ×�ØsØ �?ó`ò`ï	�hó`ï	ò ëAïEì � ñ � ëAö � ñ[ö �Mñ[ò\ø	ñ[ö ��ëAö	ö Æ øH�Ëúc�nøWí#ñ �?ó`ò ÷ î¸�
ì�ëAî�î�ð ï	ö � ñ[ò'£ ÷ ð � ó ö?ï	ò ö ÷ ù\ú Ð õ/ñ[ò ø	ñ[ö Ï§Ð ù\�Wì\ñ[í ó\ñ[öEñ[î�í ó`ó\ñ[ò��O�Åë9ì ëAõ	ò`ï	~	ó\ñ ��õEì`í ö	�iñ[ö �i÷ ö ô �!� õ/ñ[í
É �!���r� ���r�,���!����� �#�!�'���1�'��� ÿ ¥9¦�¦ ü�ý�þ õ/ñ � ò Ð öEø	ñ[ó ì`í#ù\ú ëAöTëAð ÷ � �rï	ò ô �!� �!Í�ñ � ò\ñ[ö	�rï	ö � øWï	ò\ù\ú ñ[í öEñ[ö �hñ[ò`í#ñ[öW�
�sí#ø	ñ[ò\ì`ó�ëAöEø õ/ñ[í/ñ[í öEñ[ò�� ÷ ö � ñ[ö?ó`í ÷ öEñ[ð ð#ñ[ö � ÷ ðKëAò`��ñ[ð ð#ñ µ ì`í#ñ[úEñÅëAïEù\ú ��õEì\ù\ú	ö	í ó`ó��W� Â��¹Ã · ÙW½ ÷ ø	ñ[ò�ëAó\ñx�hñ[ò`í#ñ[ö?�sí��
ø	ñ[ò\ì`ó » öEø	ñxõ/ñ[�sí ò`�iñ[ö ð#ñrøWí � ð í#ù\ú ñ[í öEñÅÈ)ñ[ò`ò`í ö � ñ[ò`ï	ö � ø	ñrì	� Ð ð ð�£�ëA�hó ÷ ò\ì Æ ñ[ò\ì`ó§õ/ñ[í � ò ÷ Òiñ[ö ¾ ñ[ò`ó\ñ[ö �sí ò\ø ô �!�ò\ñrøWï	�rí#ñ[ò`ó��F�Oí#ñrì\ñrìxÈ)ñ[ò`úTëAð ó\ñ[ö í#ì`óÅõ/ñ[í)ø	ñ[ò � ¾ ³M�'� ÷ ðKëAò`��ñ[ð ð#ñ í î �TëAð ð#ñ ø	ñ[òxÈ�ëAò`íKëAó`í ÷ ö ø	ñrì��hñ[ò`í#ñ[ö?�sí#ø	ñ[ò'�
ì`ó�ëAöEø	ñrìOø	ñ[ò � ÷ ù\úEøWí�¼/ïEì`í ÷ ö Ð õ/ñ[ò`ðKë � ñ[ò`ó�î�í óOø	ñ[òÅ�?ó`ò ÷ î ì�ëAî�î�ð ï	ö � ø	ñrì Ï§Ð ù\�Wì\ñ[í ó\ñ[öEñ[î�í ó`ó\ñ[ò\ì Æ øWí#ñxö	í#ù\ú?ó
øWï	ò\ù\ú É �!���r� ���r�,���!����� �#�!�'���1�'��� õ/ñ � ò\ñ[ö	�rón�sí ò\øH�HÍ�ñ[í�ø	ñ[òn�r�Mñ[í#øWí î ñ[öEì`í ÷ öTëAð#ñ[ö �?í îYï	ðKëAó`í ÷ ö � ÷ ö	ö?ó\ñ�øWí#ñ � » ó`ó`í��
� ï	ö � �i÷ ö ô �!� ö	í#ù\ú?ónñ[ò`ò\ñ[í#ù\ú?ón�Mñ[ò\ø	ñ[öc�/�nñ[ò�¾ ñ[ò`ó§£ Ð òOñ[í öEñ[ö ï	öEñ[öEøWð í#ù\ú ú ÷ úEñ[ö �hñ[ò`í#ñ[ö?�sí#ø	ñ[ò\ì`ó�ëAöEø ð » ì\ì`ó



Â�Â�
 ��
�������� z ��� ����� � y ����������� w � �!
�� � { � zcz ���

101 102 103 104 105 106

10

12

14

16

18

20

 Beleuchtung von hinten
 Beleuchtung von vorn

η si
m
  [

 %
 ]

Schichtwiderstand im Loch  [ Ω/sq ]

595

600

605

610

V
oc

  [
 m

V
 ]

50

60

70

80

F
F

si
m

 [ 
%

 ]

20

25

30

35

40

101 102 103 104 105 106

 

J sc
  [

 m
A

/c
m

2  ]

101 102 103

10

12

14

16

18

20

η si
m

  [
 %

 ]

Schichtwiderstand im Loch  [ Ω/sq ]

50

60

70

80

F
F

si
m

 [ 
%

 ]

560

570

580

590

600

610

V
oc

  [
 m

V
 ]

25

30

35

40

101 102 103

J sc
  [

 m
A

/c
m

2  ]

I) Eindimensional (PC1d) II) Zweidimensional (DESSIS)

"	#�#�$&%&'!(�)+* ,.-0/21436587:9<;=7:><;@?BA�C2DFEHGJI�;K>L><DM9<ELNPOQ;@NPO�>SRT;=C2DM9<EU>P7VA�C2DFEWC2DM9�X+?�NPO�C2;KY4ZQEL;@?BA+[4\W;@D�]�;@I^ZQ_=7:><;@?BA`RTZ29PC2Da;@A�]�b�7V_K><Dc2d ;@AeDF;@AQDM9HZQA�C�;@A�]�b�7V_K><D c�c2d ;@AefMR6DF;J\W;@I�DFAQEL;@?BAQDFAeC2Z29<NPOQgBDMh&iQO29L>kj0EL;@DFOQD�l�?�C2DF_@_nmpoTmQfMRH[+N:oT;@ArqsmQmQ;@_=C2ZQAQg�t2[@u:v�[.wSAc2d RTZ29PC2DkEL?xR6?BOQ_6y8DF_@DFZQNPO�><ZQAQg{z|?BA�C2DM9�5n?V9PC2DM9L}�7V_@E^7VZQNPOrz|?BA�C2DM9a~siQNP��ELDF;K><DkEL;@I^ZQ_@;@DM9L>x�.mpDF;8C2DM9�fMR6DF;=C2;@I�DFAQEL;@?BA�7V_@DFA]�;@I^ZQ_=7:><;@?BArj c�c onA�Z29sy8DF_@DFZQNPO�><ZQAQg^z|?BA�z|?V9<AQDB[

ì`í#ù\ú �`ñrø ÷ ù\ú ëAïEì ��õ	õ	í ð#øWï	ö � ´E�¹Ã º õ/ñrì`ó`í î�î ñ[öcÙ��Oí#ñ } ï	ò`��ì\ù\ú	ð ïEì\ì\ì`ó`ò ÷ î øWí#ù\ú?ó\ñ ñ[í öEñ[ò �S�8���+�|�U�B�L��� ×�ØsØ
î�í ó�ñ[í öEñ[ò���ñ[ð ð#øWí#ù\�iñ �i÷ ö ¤�¥9¦r��� ì`ó\ñ[ð ð ó�ñ[í öEñ[ö �hù\ú » ó`�r�Mñ[ò`ó�£ Ð ò�ô �!� ø	ñ[ò��S�8���+�|�U�B�L��� Ô¸Õ Ö � ÷ ðKëAò`��ñ[ð ð#ñOõ/ñ[í
ñ[í öEñ[î ï	öEñ[öEøWð í#ù\ú ú ÷ úEñ[ö �hù\ú	í#ù\ú?ó!�sí#ø	ñ[ò\ì`ó�ëAöEø ø	ñ[ò � ÷ ù\úEøWí�¼/ïEì`í ÷ ö øEëAò|�P�i���Oí#ñrì\ñ[ònõ/ñ[ó`ò »A� ó Â | � � �B� �n�
���M� ;@DWmpDM9<DF;K><E6;@A{C2DM9TGJ;@AQ_@DF;K><ZQAQg^DM9LR��VOQA�>x��_@;@DFgV>�C2;@DFELDM9 � DM9L>�DM>SR�7VE�iQmpDM9TC2DFI DF;@AQDM9W�^�r� ]�?B_=7:9<fFDF_@_@DH?BOQAQDWX+?�NPO�C2;Kh�}

h&ZQEL;@?BA+��CQ7kC2;@DH~sDF�|?BI^mQ;@A�7:><;@?BA�7VA{C2DFA�X+?�NPO�R��VA�C2DFA�AQ;@NPO�>TmpDM9<iQNP��EL;@NPO�><;@gV>T;@EU>x[



���=�.� � �M� ��  ������� � ¡ � 
��a¢:��£ �`¤r¥�¦ £ § ¤^¨ 
 �{© � ¨T¨ � Â�Â�Â
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ÌXÍMÎ7Ï�Ð;Ñ>Ò Ó�Ô Ð;Ñ>Ô Õ^Ñ>Ó1Ð;Ñ>Ô ��ÖM× Í�Ô � Ñ � Í�Ô � Ñ>Ô�Ñ>Ô W Õ�Ø7Î7Ï;Ô;Ó�ÙIÙ7Ñ>Ô Ø Ö-��Ö Ï;Ú�ÐAÓ1Ñ_Û�Ü�Ü Í�Ú1ØcÍ�Ý�Î7Ï Þlß à �¬� Ù × Ý � ÙIÝ ×Í�Ý�Ø ��á Ï × Ú�Ó1Î7Ï Í�ÔQÍ�Ú�âAØIÓ1Ñ × Ù � Ý × Ð;Ñ>Ô�ãAØ Ö Ú�Ú�ÔQÍMÎ7Ï ��Ö Ú � Ñ>Ô�Ð Ñ>Ó�Ô [ Ñ ×I� Ú1Ñ>Ó1Î7Ï ÐAÝ × Î7Ï � Ñ ��á Ï × Ù � Ñ × Ð;Ñ>Ô �;� Í � Ý � Ñ × Ð;Ñ>Ô
� Ý;Ô � Î7Ï�ØIÙsä × Ó�Ô � Ó�ä;Ó1Ñ>Ú�Ú1Ñ � Ô9Ù7Ñ × Ø7Î7Ï;Ó1ÑYÐ;Ñ �Y� Ó1Ø7Î7Ï�Ñ>ÔlÑ>Ó�Ô � Ý;Ô�ÐOÕ^Ñ>Ó1Ð;Ø7Ñ>Ó�ÙIÓ � Ø+Í�ÒaÒ Ñ>Ú�Ô�Ð;Ñ>Ô � Ù × Ý � ÙIÝ × Ñ>ÔaÑ × Ú � Ý;Ù7Ñ × Ù �

åiÑ>Ó�Ñ>Ó�Ô�Ñ>Ò æ9ÝQÍ�Ô9ÙIÓ�Ù+Í�ÙIÓ � Ñ>Ô [ Ñ ×I� Ú1Ñ>Ó1Î7Ï ��Ö Ô Ñ>Ó�Ô � Ý;Ô�ÐlÕ^Ñ>Ó1Ð;Ø7Ñ>Ó�ÙIÓ � Ø+Í�ÒaÒ Ñ>Ú�Ô�Ð;Ñ>Ô �RÖ ÚSÍ ×I� Ñ>Ú�Ú1Ñ>Ô � Ñ × Ð;Ñ>Ô ÐAÓ1Ñ
Ó�Ò Ñ × ØIÙ7Ñ>Ô W Õ�Ø7Î7Ï;Ô;Ó�ÙIÙ�Ñ × Ú � Ý;Ù7Ñ × Ù7Ñ>Ôaä × Ó�Ô � Ó�ä;Ó1Ñ>Ú�Ú1Ñ>Ô ç   Ñ � Ù7Ñ ��Ö ÔaÐ;Ñ ×�è Í�Ï;Ú;Ð;Ñ × Ñ>Ú1Ñ � Ù × Ó1Ø7Î7Ï�Ñ>Ô é�Í × Í�Ò Ñ>Ù7Ñ ×k��á;×ÐAÓ1Ñ_Ñ>Ó�Ô � Ñ>Ú�Ô�Ñ>Ô �RÖ ÚSÍ ×I� Ñ>Ú�Ú1Ñ>Ô � Ð � Ï ����Ö Ô Ð;Ñ>Ô Í�Ô � Ñ>Ô Ö ÒaÒ Ñ>Ô�Ñ>Ô é ×7ÖM� ÑYØ7ØIÓ1Ñ × Ý;Ô � Ø7Ø7Î7Ï × Ó�ÙIÙ7Ñ>Ô ¡ Ø Ö-� Ó1Ñ ��Ö Ô ��Ö Ò �ä;Ú1Ñ3ê;Ñ>Ô ç   Ñ � Ù7Ñ>Ô Í�Ý ���)× Ý;Ô�Ð Ð;Ñ × Ý;Ô9Ù7Ñ × Ø7Î7Ï;Ó1ÑYÐAÚ�Ó1Î7Ï�Ñ>Ô � Ù ×7Ö Ò « Ý�Ø7ØIÒOÝ�ØIÙ7Ñ × Ý;Ô�Ð Ð�Í�ÒaÓ�ÙlÝ;Ô9Ù7Ñ × Ø7Î7Ï;Ó1ÑYÐAÚ�Ó1Î7Ï�Ñ>ÔëJÑ ��Ö ÒOÕ;Ó�ÔQÍ�ÙIÓ Ö Ô�Ø7Ñ>Ó � Ñ>Ô�Ø7Î7ÏQÍ � Ù7Ñ>Ô á Õ^Ñ × ÚSÍ � Ñ × Ù ��� Í�Ï�Ñ ×c� Ñ × Ð;Ñ>Ô Ó�Ô �Y� Ñ>Ó � Ñ>Ó�Ù7Ñ × Ñ>Ô W Õ�Ø7Î7Ï;Ô;Ó�ÙIÙ7Ñ>Ô

W"¡ Ñ>Ó�Ô æ9ÝQÍ�Ô9ÙIÓ�Ù+Í�ÙIÓ � Ñ ×l[ Ñ ×I� Ú1Ñ>Ó1Î7Ï Ð;Ñ ×aì9��í�ì9îSï Û�Ü�Ü Ý;Ô�Ð ì9��í�ì9îSï Þlß à �RÖ ÚSÍ ×I� Ñ>Ú�Ú1Ñ Ó�Ô W Õ;Ï � Ô � Ó �)� Ñ>Ó�ÙÐ;Ñ ×c[�Ö Ú�Ý;Ò Ñ>Ô�ÐAÓ   Ý�ØIÓ Ö Ô�ØIÚ � Ô � ÑOØ Ö-� Ó1Ñ
å ¡ Ñ>Ó�Ô æ9ÝQÍ�Ô9ÙIÓ�Ù+Í�ÙIÓ � Ñ ×_[ Ñ ×I� Ú1Ñ>Ó1Î7Ï Ð;Ñ ×l�Z���M�9�>���3���M� Û�Ü�Ü Ý;Ô�Ð �Z���M�9�>���3���M� Þlß à �RÖ ÚSÍ ×I� Ñ>Ú�Ú1Ñ�Ó�Ô W Õ;Ï � Ô �

� Ó �)� Ñ>Ó�ÙJÐ;Ñ ×Xf Ñ>Ú�Ú1ÐAÓ1Î � Ñ_Ý;Ô�Ð Ð;Ñ ×J�XÖ ÙIÓ1Ñ ×I��Ö Ô � Ñ>Ô9Ù × Í�ÙIÓ Ö Ô Ð;Ñ × å�ÍMØIÓ1Ø
ÐAÝ × Î7Ï � Ñ ��á Ï × Ù ��� Ó1ÑYØ"Ñ × ÚSÍ�Ý;Õ;ÙOÑ>Ó�Ô�Ñ W Õ�Ø7Î7Ï � Ù � Ý;Ô � Ð;ÑYØ_çkÓ�Ô « Ý�Ø7Ø7ÑYØ_Ð;Ñ ×_� Í�Ù7Ñ × ÓSÍ�Ú1æ9ÝQÍ�Ú�Ó�Ù � Ù�Í�Ý � ÐAÓ1ÑaØIÙ × Ý �9�ÙIÝ × Ó�ÒaÒ Í�Ô�Ñ>Ô9Ù7Ñ>Ô ëJÑ ��Ö ÒOÕ;Ó�ÔQÍ�ÙIÓ Ö Ô�Ø7Ñ>Ó � Ñ>Ô�Ø7Î7ÏQÍ � Ù7Ñ>Ô ��W"¡ ã�Ø Ö-� Ó1ÑUÑ>Ó�Ô�ÑJé Ö Ù7Ñ>Ô9ÙIÓSÍ�ÚSÍ�ÔQÍ�Ú�âAØ7ÑXÐ;Ñ × Õ^Ñ>Ó1Ð;Ñ>Ô � Ù × Ý �9�ÙIÝ × Ñ>Ô ��á;× Ó�Ô Ð;Ñ ×Jð Ô�ÐAÝ�ØIÙ × Ó1Ñ × Ñ-Í�Ú�Ó1ØIÓ1Ñ × ÕQÍ × Ñ T Ñ × ØIÙ7Ñ>Ú�Ú�Ý;Ô � ØIä ×7ÖM� ÑYØ7Ø7ÑOÍ�Ý ����Ö ØIÙ7Ñ>Ô �)á Ô�ØIÙIÓ � Ñ>Ò � Í�Ù7Ñ × ÓSÍ�Ú � å ¡3�

ñ�ò1ñ�ò
ó ôlõ)ö ÷Qø�ù)÷�õ)ù)÷Qú ôlû�÷�õ9ú-üYý þ�ÿ
ÿUý þ���÷Qÿ
ÿ�����õ ��ø�÷ ô�� � 	�þ�ÿ�
^õ
�;÷Qÿ
ÿ�÷
� Ó1Ñ �)× Ý;Ô�ÐAÚ1Ñ � Ñ>Ô�Ð;Ñ>Ô � Ô9Ù7Ñ × Ø7Î7Ï;Ó1ÑYÐ;Ñ ��Ö Ô Ñ>Ó�Ô � Ý;Ô�Ð �Y� Ñ>Ó1Ø7Ñ>Ó�ÙIÓ � Ø+Í�ÒaÒ Ñ>Ú�Ô�Ð;Ñ>Ô �RÖ ÚSÍ ×I� Ñ>Ú�Ú1Ñ>Ô ÚSÍMØ7Ø7Ñ>Ô ØIÓ1Î7Ï á Õ^Ñ ×Ñ>Ó�Ô Ñ>Ó�Ô � ÍMÎ7Ï�ÑYØlç × Ø+Í�Ù � Ø7Î7ÏQÍ�Ú�ÙIÕ;Ó�Ú1Ð ��á;× ÐAÓ1Ñ Þlß à �¬� Ù × Ý � ÙIÝ ×O� Ñ � Ó�Ô;Ô�Ñ>Ô�ã�Ð�ÍMØ�Í�Ú1Ø�Ñ ×I� Ñ>Ó�Ù7Ñ × Ù7ÑYØaçkÕ^Ñ × Ø �
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��Ñ × ÔQÍMÎ7Ï;ÚfÀMØ7ØIÓ,�)ÙOÒ Í�Ô �RÑ × Ó1Ñ>Ô'��Ó1Ð;Ñ × ØIÙ+Í�Ô�Ð;Ø7ÑDÁ�Ñ��RÙ7Ñ)ãsØ Ö Ñ × �)Ó�Õ;ÙOØIÓ1Î7Ï Â á;× Ð;Ñ>Ô �XÑYØ+Í�ÒOÙ7ØIÙ ×7Ö Ò Ð;Ñ × Õ^Ñ>Ó1Ð �Ø7Ñ>Ó�ÙIÓ,� Ø+Í�ÒaÒ Ñ>Ú�Ô�Ð;Ñ>Ô � Ö ÚSÍ × �-Ñ>Ú�Ú1Ñ
��Ã �`�<Ä �`��Å �`�,� � Å �`�,� �DÆ �¬Ç �,¾ Ç*�

� Ó1Ñ �9äQÍ�Ô;Ô9Ý;Ô$� Ð;Ñ × � ÖM× Ð;Ñ × Ø7Ñ>Ó�Ù7Ñ>Ô�ÐAÓ Ö Ð;Ñ Ñ × �)Ó�Õ;Ù"ØIÓ1Î7Ï Í�Ý�Ø"Ð;Ñ ×�� Ó!Á�Ñ × Ñ>Ô$� �>�WÅ �>��ã^ÐAÓ1ÑlÐ;Ñ × ë á ÎR�AØ7Ñ>Ó �Ù7Ñ>Ô�ÐAÓ Ö Ð;ÑOÍ�Ý�Ø��>�<Å �>� �$È Ô9Ù7Ñ ×�É Ô;ÔQÍ�Ï;Ò ÑOÐAÓ1ÑYØ7Ñ × �9äQÍ�Ô;Ô9Ý;Ô$��Ñ>Ô Ñ × �)Ó�Õ;ÙJØIÓ1Î7Ï Í�Ý�ØuÊ ÖM× Ò Ñ>ÚYÇ �,¾ Ç
��Ã �`�:Ë�Ì3Í0Î zRÏ Î �Î�Ð,Ñ Å Ò�ÓhÄ �`��Ë�Ì3Í0Î z�Ï Î �Î�Ð,Ñ Å Ò�Ó<Å �`�,� � Å �`�,� �DÆ �¬Ç �,¾G¿ �

� ��Ñ>Ór� × Ý;Ô�ÐAÚ1Ñ���Ñ>Ô�Ð;ÑUçkÓ,��Ñ>Ô�Ø7Î7ÏQÍ�Â�Ù7Ñ>Ô Õ^Ñ>Ó1Ð;Ø7Ñ>Ó�ÙIÓ,�_Ó�Ò ��Ñ × �)Ú1Ñ>Ó1Î7Ï �YÝ Ñ>Ó�Ô�Ø7Ñ>Ó�ÙIÓ,��Ø+Í�ÒaÒ Ñ>Ú�Ô�Ð;Ñ>Ô � Ö ÚSÍ × �-Ñ>Ú�Ú1Ñ>ÔÚSÍMØ7Ø7Ñ>Ô ØIÓ1Î7Ï Í�Ý�ØJÐAÓ1ÑYØ7Ñ>Ò Ô Ö Ð;Ñ>Ú�Ú�Ñ3êAÙ × Í�Ï;Ó1Ñ × Ñ>ÔhÕ

¾)�u� Í Ð;Ñ × çkÒaÓ�ÙIÙ7Ñ × Í�Ô Ð;Ñ ×�� Ñ>Ú�Ú,Ö ÖM× Ð;Ñ × Ø7Ñ>Ó�Ù7Ñ á Õ^Ñ × Ð;Ñ>Ô çkÒaÓ�ÙIÙ7Ñ × Ó�Ò × Ö Î7Ï ÒaÓ�ÙOÐ;Ñ>Ò � Ö Ú�Ú1Ñ��RÙ ÖM× Í�Ý�Â
Ð;Ñ ×v� Ñ>Ú�Ú ×Iá ÎR�AØ7Ñ>Ó�Ù7Ñ Ö�Ñ × Õ;Ý;Ô�Ð;Ñ>Ô Ó1ØIÙ-ã�Ý;Ô�Ð Ð;Ñ × � Ö Ú�Ú1Ñ��RÙ ÖM× Ø7Ñ>Ó�Ô�Ñ × Ø7Ñ>Ó�Ù7Ø�� Ö Ô9Ù+ÍI�RÙIÓ1Ñ × Ù�Ó1ØIÙ-ã�Ñ × Ï � Ï9ÙlØIÓ1Î7ÏÐ;Ñ × �XÝ × �-Ø7Î7Ï;Ú�Ý�Ø7Ø7ØIÙ ×7Ö Ò Ð;Ñ ×M� Ñ>Ú�Ú1ÑiÓ�Ò ��Ñ × �)Ú1Ñ>Ó1Î7Ï �YÝ Ñ>Ó�Ô�Ñ × �9Ù+Í�Ô�Ð�Í × Ð � ë á ÎR�AØ7Ñ>Ó�Ù7Ñ>Ô$� Ö Ô9Ù+ÍI�RÙ��-Ñ>Ú�Ú1Ñ ��� Ñ ×
�XÝ × �-Ø7Î7Ï;Ú�Ý�Ø7Ø7ØIÙ ×7Ö Ò Õ^Ñ>Ù × ÀI�)Ù�ÔQÍMÎ7Ï �UÚ1Ñ>Ó1Î7Ï9Ý;Ô$��Ç �,¾G¿ �7Åu�`�,� � Å �`�,� � �3ã)Ý;Ô�Ð Ñ>Ô9Ù7ØIä × Ó1Î7Ï9Ù�Ð;Ñ × �9Ý;ÒaÒ ÑJÐ;Ñ ×Ú�Ó1Î7Ï9Ù���Ñ>Ô�Ñ × Ó1Ñ × Ù7Ñ>Ô �9Ù ×R� Ò Ñ�Ö Ö Ò Ø0Ù �_Ú Õ^Ñ × �9Í�Ô$� Í�Ý�ÂiÐ;Ñ × � ÖM× Ð;Ñ × Ø7Ñ>Ó�Ù7ÑaÝ;Ô�Ð Ð;Ñ>Ò Ø0Ù �_Ú Õ^Ñ × �9Í�Ô$� Í�Ý�Â
Ð;Ñ ×�� Ñ>Ú�Ú ×Iá ÎR�AØ7Ñ>Ó�Ù7Ñ �
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RSK = EWT6.C3_02a
EWT = EWT6.C3_03a

   Cz-Si: 0.84 Ω cm, [O
i
] = 7.6 ppma, W = 235 µm

 RCC:  ∆J
sc

 = 8.45 mA/cm2 (= 28.8 %)

 EWT:  ∆J
sc

 = 0.74 mA/cm2 (=   1.8 %)
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